Abstract. Oral leukoplakia and erythroleukoplakia are common oral potentially malignant disorders diagnosed in the oral cavity. The specific outcome of these lesions remains to be elucidated, as their malignant transformation rate exhibits great variation. The ability to predict which of those potentially malignant lesions are likely to progress to cancer would be vital to guide their future clinical management. The present study reported two patients with tongue squamous cell carcinoma: Case study 1 was diagnosed with a simultaneous leukoplakia and case study 2 developed an erythroleukoplakia following the primary tumor treatment. Whole genome copy number alterations were analyzed using array comparative genomic hybridization. The present study determined more genomic imbalances in the tissues from leukoplakia and erythroleukoplakia compared with their respective tumors. The present study also identified in tumor and potentially malignant lesions common alterations of chromosomal regions and genes, including FBXL5, UGT2B15, UGT2B28, KANSL1, GSTT1 and DUSP22, being some of these typical aberrations described in oral cancer and others are linked to chemoradioresistance. Several putative genes associated with hallmarks of malignancy that may have an important role in predicting the progression of leukoplakia and erythroleukoplakia to squamous cell carcinoma, namely gains in BNIPL, MCL1, STAG2, CSPP1 and ZNRF3 genes were also identified.
Introduction
Oral potentially malignant lesions (OPMLs) are often clinically categorized as leukoplakia or erythroplakia, with being leukoplakia the most common, accounting for 85% of all these lesions (1, 2) . While oral leukoplakia is defined as a white plaque without immediate apparent cause, erythroplakia is a bright red patch, which is rarely characterized as another definitive disease (3) . Erythroleukoplakia has a mixed red and white appearance.
The diagnosis of these lesions is frequently made excluding known diseases or disorders lacking increased risk for cancer (3) . These lesions precede malignant development in 0.13-34% oral squamous cell carcinoma (OSCC) cases (4) . Histologically, leukoplakia with dysplasia is often associated with a high risk of malignant transformation (5) , dysplasia is currently the principal predictor of tumor development.
Oral leukoplakia is more frequent in males; however, the malignant transformation is significantly higher in females (4) . In addition to the presence of OPMLs being a risk factor for OSCC, its malignant transformation may be dependent on clinical, demographic, etiologic, histological and/or molecular features (6) . Co-incidence of leukoplakia at the time of diagnosis of OSCC was demonstrated in up to 60% of cases (7) (8) (9) .
Patients with leukoplakia suffer frequently with recurrence and development of new leukoplakias after the primary treatment. The OPMLs may appear at any time, remaining stable for a considerable length of time or may progress into malignant tumors (10) . The molecular mechanism underlying malignant transformation of OPMLs remains to be elucidated and biomarkers which may predict this risk have not been identified. OPMLs have revealed several genetic alterations associated with OSCC (11, 12) . The present case report described one case of simultaneous OSCC and adjacent oral leukoplakia and another with erythroleukoplakia that evolved following treatment of primary OSCC. The patients were clinically followed for ~48 months. During this time, the patients developed local relapses of (Fig. 1A) . The diagnosis was confirmed by a biopsy and the well differentiated tumor was classified as early stage (I), pT1, pN0, pMx, without compromised margins. The primary tumor and leukoplakia were simultaneously removed by surgery in April 2012 and the leukoplakia reached the surgical margins. Nine months after the initial diagnosis and surgery, the patient presented a leukoplakia, histopathologically classified as severe dysplasia. A local relapse of squamous carcinoma was diagnosed 28 months after the primary tumor diagnosis and total surgical excision was performed. The patient is alive and without signs of disease 48 months after the primary diagnosis.
Case 2. In June 2012, a Caucasian 66-year-old man, drinker, smoker (<20 cigarettes/day) and negative for human papillomavirus infection, was diagnosed at the Maxillofacial Surgery Unit, Coimbra Hospital and University Centre, EPE with a primary squamous cell carcinoma in the left side of the tongue (photography unavailable). The diagnosis was confirmed by a biopsy and the well-differentiated tumor was classified as early stage (II), pT2, pN0, pMx, with close but non-compromised margins. In June 2012, the patient underwent glossectomy and ipsilateral neck dissection, followed by braquitherapy at 60 Gy between 27 August and 3 September 2012. The patient presented an erythroleukoplakia without dysplasia 15 months after the primary tumor diagnosis (Fig. 1B) . A local relapse was suspected 46 months after the primary diagnosis; however, the patient refused biopsy and was lost to follow-up.
Genomic study. The present study was approved by the Ethics in Research Committee of the Faculty of Medicine of the University of Coimbra (ref: 030-CE-2015) and written informed consent from the patients was obtained. All the experiments were performed according to the regulations of Helsinki Declaration. From patient 1, samples of tumor tissue, macroscopically tumor-free tissue from surgical margins and from leukoplakia were simultaneously collected during surgery. From patient 2 samples of tumor tissue and macroscopically tumor-free tissue from surgical margins were simultaneously collected during surgery. Sample from the erythroleukoplakia that evolved after the treatment of primary tumor was obtained during the biopsy of patient 2. All samples were immediately stored in liquid nitrogen until use. DNA extraction was performed using a High Pure PCR Template Preparation kit (Roche GmbH, Mannheim, Germany) according to the manufacturer's protocol.
The genomic profile of all samples was analyzed through array Comparative Genomic Hybridization (aCGH) using Agilent SurePrint G3 Human Genome microarray 180K, (Agilent Technologies, Santa Clara, CA, USA) as previously described (13) . Reference male DNA provided by Agilent was used as control.
Discussion
In case 1 it was observed that samples from tumor, non-tumor and simultaneous leukoplakia shared copy number alterations (CNAs) in some chromosomal regions, gains were identified at 1p31.1; 2p12, 2p11. Fig. 2A) . In several of these regions the present study identified some relevant genes regarding their known function described in the University of California, Santa Cruz (UCSC) genome browser (https://genome.ucsc .edu/) and their relationship with oral carcinogenesis process, including FBXL5 (4p15.32), UGT2B15 and UGT2B28 (4q13.2), KANSL1 (17q21.31) and GSTT1 (22q11.23). Additionally, gains at 11q13.3-q13.4 were specifically observed in tumor and leukoplakia samples, which harbor the CCND1, ORAOV1, FGF19, FGF4, FGF3, FADD, CTTN, FOLR3, INPPL1, ARAP1 and P2RY2 genes. These chromosomal regions and genes have been associated with cancer, apoptosis, proliferation and OSCC (14) (15) (16) . Regarding the clinical outcome, gains at CTTN and FADD were associated with lymph node metastasis (17, 18) and reduced overall survival (19) . Additionally, gain in the CCND1 was associated with poor prognosis, recurrence and metastasis (20) . CCND1 amplification in OPMLs was associated with 8-fold increase in malignant transformation risk (21) . In the tumor sample from case 1 a gain was observed at 16q24.3 harboring the FANCA gene, which is associated with locoregional progression-free survival (22) . The presence of these CNAs in tumor or in leukoplakia may suggest poor prognosis and a recurrence/metastasis risk. Additionally, gain at the 3q29 that mapped the PAK2 gene and loss at 6q14.1, 10q11.22 and 16p11.2 were specifically identified in the non-tumor and leukoplakia samples. The present study specifically identified some CNAs in the non-tumor sample, namely loss at 1p36.33, mapped the CDK11B and CDK11A genes and gains at 2q13, mapped ZC3H8 gene, 14q24.3 and 21q11.2. The genomic imbalances observed in non-tumor tissue, similar to the ones observed in the tumors, may explain the local relapse observed, since these morphological normal cells presented already genomic aberrations characteristic of malignancy process; therefore, being able to suffer clonal expansion during the multistep process of malignization. This is particularly relevant for the oral carcinogenesis, since this patient has the traditional risk factors, tobacco and alcohol abuse, which may lead to local relapse disease through the field cancerization concept (23, 24) . It is on note that the present study observed more genomic imbalances in the leukoplakia compared with the tumor sample ( Fig. 2A) . Chromosomes 5, 7 and 10 did not present genomic imbalances in this tumor sample and chromosomes 13, 18 and 20 did not presented imbalances in both samples, tumor and leukoplakia.
In this case, distinct chromosomal changes and genes have been described that may have a strong prognostic potential to predict patients' outcome and tumor transformation. However, further studies in larger cohorts are required in order to validate these findings.
In case 2 it was observed that tumor, non-tumor and the erythroleukoplakia that developed following primary tumor treatment shared CNAs in some chromosomal regions, particularly gains at 3q25.32, 8p11.22, 10q11.22, 11p12, 11q14.3, 14q32.33 and 18p11.32, and losses at 3q26.1, 6p25.3, 8p23.1, 12q14.2 and Yq11.223 (Fig. 2B) . Taking the known function of the genes mapped in these regions into account DUP22 (6p25.3) may be the stronger putative candidate gene for the oral carcinogenesis process. Downregulation of DUP22 suggests its putative role as tumor suppressor gene; however, its function in cancer remains to be elucidated. This gene has been previously identified as a regulator of JNK signaling and with ability to dephosphorylate MAPKs (25) . DUSP22 may also regulate metastasis, as its overexpression inhibited cell migration and reduced FAK phosphorylation (26) . The present study observed losses at 1q21.2, 4q13.2, 14q21.1, Xp22.33 and Yp11.32 in tumor and non-tumor samples and in non-tumor and erythroleukoplakia samples gain was observed at 6q22.1 and Xq11.1. Tumor and erythroleukoplakia samples shared copy number gains at 8q24.3, which harbored GSDMD, SCRIB, PUF60, GRINA, SHARPIN and SCRT1. The 8q24.3 chromosomal band is frequently amplified in OSCC (15, 16) , which may suggest its importance for malignant transformation. These genes may be important predictors of tumor transformation risk, warranting further investigation. Copy number losses in Yq11.23 were also observed in both of these samples. MYC (8q24.21) and PTK2 (8q24.3) were detected only in the erythroleukoplakia sample and have already been associated with OSCC. A previous study revealed that overexpression of MYC was linked with malignant transformation and poor survival (27) . PTK2 has been associated with resistance to radiotherapy (28) . The presence of these genomic imbalances in the erythroleukoplakia, diagnosed 15 months following the primary tumor, may be the trigger for the development of relapse. There is no histological confirmation of relapse in this patient, as he refused to performed biopsy to verify the clinical suspicion. Additionally, these genes seem to be important candidates for the OSCC prognosis and especially for the prediction of the risk of relapse. The present study observed in the tumor, non-tumor and erythroleukoplakia collected from this patient, that was treated by surgery and braquitherapy several genomic alterations which were previously identified by Van den Broek et al (29) with chemoradioresistance and some with chemoradiosensitivity (Table I) . Additionally, the present study highlighted some putative genes for these regions based in its known function described at the UCSC, including DUSP22 and JARID2 (Table I) . Genomic imbalances in non-tumor tissues may indicate the presence of altered clones of cells even in the surrounding clinically and histologically normal oral mucosa, originating a progression to malignancy. Additionally, the present study detected more imbalances associated with chemoradiotherapy in erythroleukoplakia compared with the primary tumor sample, which may suggest that these alterations occurred following the treatment for the primary tumor or there was a selection of radioresistant cell populations due to the treatment. 
DUSP22, JARID2
6q22-q27 Overall, leukoplakia and erythroleukoplakia samples of the two patients presented more CNAs than the respective primary tumor. The erythroleukoplakia sample presented more CNAs than leukoplakia one (Fig. 1A and B) , which may be due to the fact that erythroleukoplakia is associated with significantly higher rates of dysplasia, carcinoma in situ and invasive carcinoma compared with leukoplakia (30) . As this patient presented an erythroleukoplakia without dysplasia, it is possible that erythroleukoplakia occurred following braquitherapy, which may induce several of the genomic alterations detected. CNAs were identified in several genes in these two OPMLs, which were associated with cancer and hallmarks of the carcinogenesis process, including cell cycle, cell growth, proliferation, differentiation, angiogenesis, apoptosis/cell death, DNA repair and invasion/migration (Fig. 3A and B) . The present study observed that common genes altered in both cases, namely gains in BNIPL, MCL1, CSPP1 and ZNRF3 genes. These specific genes may represent important players in the malignant transformation of OPMLs into tumors, as these two patients relapsed. Further investigation is required to validate these results. Additionally, in the non-tumor sample of patient 1 and in the erythroleukoplakia sample of patient 2 a loss at 1p36.33 was identifies, where the CDK11B and CDK11A genes, which are associated with cell cycle and apoptosis, are mapped.
Identifying accurately and prospectively the OPMLs likely to progress to tumor is of paramount clinical significance. The present study identified the chromosomal regions and genes with CNAs in OSCCs and in OPMLs, such as FBXL5, UGT2B15, UGT2B28, KANSL1, GSTT1 and DUSP22 in the two patients presented. Leukoplakia and erythroleukoplakia had a high genomic heterogeneity with several genes altered; the genes that were altered were consistent across the two cases that were investigated specifically gains in BNIPL, MCL1, STAG2, CSPP1 and ZNRF3. Therefore, the current study identified several genes that may be associated with malignant transformation. The present study also highlighted several putative genes that may be associated with chemoradioresistance, particularly DUSP22 and JARID2.
